Epididymal mouse spermatozoa were suspended in various physiological solutions (CZB, PBS or 
and preimplantantion embryos (Whittingham et al, 1972) attempts to store mouse spermatozoa have met with varying degrees of success (Fuller, 1997) .
The first successful cryopreservation of mouse spermatozoa was reported in 1990 (Okuyama et al, 1990; Tada et al, 1990) using raffinose (18%) plus skim milk (3%) or raffinose (18%) plus glycerol (1.75%), respectively, for cryoprotection. To date live offspring have been obtained from cryopreserved mouse spermatozoa from inbred (Tada et al, 1990 (Tada et al, , 1993 Nakagata and Takeshima, 1993; Penfold and Moore, 1993; Songsasen and Leibo, 1996; Songsasen et al, 1997) , outbred (Okuyama et al, 1990; Tada et al, 1990) , hybrid (Yokoyama et al, 1990; Nakagata and Takeshima, 1993; Songsasen et al, 1997) , transgenie (Nakagata et al, 1992) and wild (Nakagata et al, 1995) mice. Difficulties have been experienced in achieving high levels of fertility with spermatozoa frozen and thawed by the published techniques (Fuller, 1997; Fuller and Whittingham, unpublished observations; Penfold and Moore, 1993; Penfold et al, 1995; Songsasen et al, 1997) . Although the protocols for freezing differ considerably between the different reports, the best results were obtained when raffinose and skim milk or glycerol were included in the freezing solution.
In the original study of intracytoplasmic sperm injection (ICSI) into mammalian oocytes, Uehara and Yanagimachi (1976) showed that human spermatozoa frozen in isotonic saline alone decondensed and formed pronuclei (PN) (Kuretake et al, 1996) . Both whole spermatozoa and sperm heads were considered to be nonviable as the plasma membranes were severely damaged and disrupted. The birth of live offspring has also been reported after freezing spermatozoa in the absence of a cryoprotectant and injection into oocytes after thawing, but apart from being highly successful in the sawfly Athalia rosae (Hatakeyama et al, 1994) only a few births have been achieved in mammals (cattle, Goto et al, 1990; humans, Hoshi et al, 1994 humans, Hoshi et al, , 1995 .
Here, we report that mouse spermatozoa frozen with and without a cryoprotectant and considered to be nonviable are highly fertile when the sperm heads are injected microsurgically into oocytes.
Materials and Methods

Reagents
All inorganic and organic compounds were purchased from Sigma Chemical Co. (St Louis, MO) unless otherwise stated.
Media
The medium for culturing oocytes after intracytoplasmic sperm injection (ICSI) was CZB medium (Chatot et al, 1989 (Chatot et al, , 1990 (Du et al, 1994) is about twice that of the human (Kleinhans et al, 1992) and bovine spermatozoon (Hammerstedt et al, 1978) ; and fourth, the fragility of the plasma membrane may be increased during the phase transition that has been observed between 4°a nd 0°C (Noiles et al, 1995 (Tada et al, 1990 (Tada et al, , 1993 or 18% (w/v) raffinose and 3% (w/v) skim milk (Nakagata and Takeshima, 1992). However, the success of fertilization by frozen-thawed mouse spermatozoa is dependent on the strain and species of mouse (Tada et al, 1990 (Tada et al, , 1993 Nakagata and Takeshima, 1993; Nakagata et al, 1995) , the combination of cryoprotectants (Tada et al, 1990; Penfold and Moore 1993;  Songsasen et al, 1997), cooling and warming procedures (Tao et al, 1995) and the addition and removal of the cryoprotectants (Nakagata and Takeshima, 1992; Tada el al, 1993 (Goto et al, 1990) , human (Hoshi et al, 1994) and mouse (Kuretake el al, 1996) (1996) reported a tenfold increase in the incidence of chromosome structural abnormalities in human spermatozoa frozen and thawed twice in a calcium-free medium containing albumin but without cryoprotection. Apart from the trauma to the sperm DNA that might arise from two cycles of freezing and thawing, especially in the absence of calcium, human sperm DNA may be more sensitive than that of the mouse to cryoinjury, since about 15% of nuclear proteins in mature human spermatozoa are histones (Tanphaichitr et al, 1978) compared with less than 2% in mouse spermatozoa (Balhorn et al, 1977 (Kuretake et al, 1996) than are human spermatozoa (Martin et al, 1988 
